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STUDIES IN ECZEMATOTJS SENSITIZATIONS*
III. THE DEVELOPMENT IN SPECIES OTHER THAN MAN OR THE GUINEA PIG
A. ROSTENBERG, Ja., M.D. AND J. B. HAEBERLIN, JR., M.D.
INTRODUCTION
In the various experimental studies dealing with sensitizations to simple
chemicals the usual species that have been employed are the guinea pig and man.
It is the purpose of this paper to describe our own experimental work in en-
deavoring to engender a sensitivity to simple chemicals in species other than
man or the guinea pig and to review the literature dealing with similar studies
and to discuss certain theoretical considerations relating to the development of
sensitization to simple chemicals.
EXPERIMENTAL
Dogs
Sensitization to 2:4 dinitrochlorobenzene (hereafter referred to as 2:4) and
paranitrosodimethylaniline (hereafter referred to as para) was attempted in ten
mongrel dogs. It was first determined that 0.1 per cent and 1.0 per cent acetone'
solutions of 2:4 and of para yielded little or no reaction when dropped on to the
skin of previously unexposed dogs and allowed to evaporate. In order to induce
a sensitization, 30 and 20 per cent solutions, respectively, were applied cutane-
ously twelve times over a four week period. One dog died of an intercurrent dis-
ease. Three to four weeks later the nine remaining dogs were tested with the 0.1
and 1.0 per cent dilutions of the chemicals. On four occasions at from three to
four week intervals the testing was repeated. A few sporadic (some quite intense)
erythematous reactions were seen at twenty-four hours, but these were not re-
peated on subsequent testing of the same dog. Four of the dogs were subjected
to a further attempt at sensitization by the intracutaneous injection as well as
by the topical application of the chemicals, and again no consistent reactions
were observed. In certain of the animals precautions were taken so that the dogs
could not lick the sites of application. This was done because Chase (1) has
shown in guinea pigs that feeding of the chemical prevented the subsequent de-
velopment of a skin sensitivity from its cutaneous application.
Ferrets
The engendering of an eczematous sensitization was attempted in two ferrets.
Originally, the animals were found to show no reaction to the cutaneous appli-
* From the Department of Dermatology and the Allergy Unit, University of nlinois
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1 In the case of our own work all solutions were acetone solutions except where it is ex-
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cation of 0.1 or 1.0 per cent solutions of 2:4 and orthochlorobenzoylchloride.
A 20 per cent solution of each of these substances was applied to the skin on three
occasions at three day intervals and twelve days after the last application the
animals were tested with the 0.1 and 1.0 per cent dilutions. No reactions of any
kind were seen.
Two additional ferrets received nine intradermal injections of approximately
0.02 cc of a 1.0 per cent solution of 2:4 and of pam over a period of about three
weeks. About four weeks later they were retested by the intradermal injection of
0.1 and 1.0 per cent solution of each chemical. These reactions were negative.
The animals were again tested two weeks later by the injection of a 0.1 per cent
solution of each material and by the surface application of a 0.1 per cent and of a
1.0 per cent solution of each material. These tests were applied to previously
untouched sites. At this time a third ferret which had never been previously
exposed to these chemicals was similarly tested. One of the two treated ferrets
gave distinctly positive reactions at the sites to which the para had been applied.
The ferrets used were the North American ferret (Putorius putorius). The ani-
mals had been previously used for experiments in which they had been inoculated
with influenza virus.
Hamsters
Having first determined that 1.0 per cent and 0.2 per cent solutions of 2:4
yielded little or no reactions when applied to the skin of normal hamsters, at-
tempts at sensitization of ten hamsters were made by the application of a 30 per
cent solution of 2:4. Two weeks later the animals were tested to 1.0 and 0.2
per cent solutions of the same chemical applied to the clipped skin of the back
and abdomen. While some erythematous reactions were observed at some sites,
retesting of the animals did not show consistent reactions. The hamsters used
were Syrian hamsters (Mesocricetus auratus).
Rabbits
After determining that 2:4 diluted 1:100 in acetone caused some primary
irritation of the shaved skin when applied to rabbits but that a 1:1000 dilution
rarely caused any discernible reaction, the sensitization of ten albino rabbits was
attempted. This was done by the cutaneous application of 0.3 cc of a 10 per cent
solution of 2:4 daily for five days. Fifteen days after the last sensitizing applica-
tion testing was done with dilutions of 2:4 graded from 1:100 to 1:1200 and
with pure acetone as control. Two one-hundredths of a cc. of each dilution was
applied to a skin site. Readings were made at twenty-four and at forty-eight
hours. Haphazard erythematous reactions were observed but no relation to the
amount of the test dose, site or other factors could be determined. A similar ex-
periment was made with the same animals using para with the same unexplain-
able results. A further attempt at sensitizing these animals was made by the intra-
cutaneous injection of 0.1 cc of a 30 per cent solution of 2:4. After twelve days the
animals were tested with a 1:200 dilution of 2:4 in cottonseed oil and a 1:1200
dilution of 2:4 in acetone and to the cottonseed oil and acetone separately as con-
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trols. Rabbit 7 showed definite erythematous reactions at twenty-four and
forty-eight hours to both tests with 2:4 but not to either control. The other nine
rabbits showed hit and miss erythematous reactions in that some would react
equally strongly to the control solutions. The reactions seen therefore could not
be interpreted as indicative of an eczematous sensitization to 2:4. This also cast
some doubt on the nature of the reaction seen in rabbit 7. Unfortunately, this
rabbit died before verification of the reactions could be attempted.
REVIEW OF THE LITERATURE
Table I gives a synopsis of the efforts to sensitize species other than man or
the guinea pig to simple chemicals. It is believed that the studies listed represent
the vast majority of such experiments. In all cases, except where the information
was restricted, we have consulted the original reports. In going over the table it
might be wondered why some of the experiments were included since their tech-
nical design was such that these experiments could not answer the question as
to the possibility of the species used developing a sensitization to the allergen
employed. The reason for such inclusion was that these experiments have been
quoted as indicating the development of a sensitization in the given species.
In other reports it will be noticed that the information concerning technic is
very meager. This is so because the author does not furnish specific data about
his technic.
DISCUSSIOT' OF THE RESULTS IN THE VARIOUS SPECIES
In attempting to answer the question as to whether a successful sensitization
has been engendered in a given species we are confronted with the problem as to
the criteria one must employ in order to assert that any reaction seen arises be-
cause of an eczematous sensitization. In evaluating a given reaction one has to
bear in mind that the reaction can be an eczematous one, but arising because of
primary irritation rather than because the host is eczematously sensitive to the
material in question, or, that the reaction seen arises because of a sensitization,
but that the sensitization is a non-eczematous one, specifically, the Arthus type
of anaphylactic sensitization. We are not distinguishing between a reaction de-
veloping on the basis of an eczematous sensitization from one arising on the basis
of a bacterial (tuberculin) type of sensitization inasmuch as we believe these two
are variations of the same immunologic entity.
Unfortunately, there are no known morphologic criteria either gross or micro-
scopic by which one could definitely state that a given reaction arises because of
an eczematous sensitization to a simple chemical. It is well known that chemicals
causing primary irritation will engender the same morphologic appearance as
chemicals which yield irritation because of the development of a sensitization
in the host (Miescher (2); Mom, Noussitou and Leon (3)). Consequently, certain
additional points have to be taken into consideration in order to distinguish
between these two types of reactions. Some primary irritants will irritate on the
very first exposure. Such need not detain us inasmuch as the interpretation of
this type of reaction is obvious. However, other primary irritants (or the same
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one at different concentrations) will cause irritation only upon repetition or by
cumulation in a given area. With these, then, on first exposure one will not see any
reaction and only on subsequent exposures does the irritation develop, but here
the irritation is constrained to develop in previously treated areas and cannot
arise on first exposure in a new area. Thus, this type of reaction can be dis-
tinguished from a generalized eczematous sensitization. On the basis of history
and appearance, it would be, however, very difficult to distinguish this from a
localized eczematous sensitization (if such exists).
Considering now the distinction between an Arthus reaction and a reaction
based on an eczematous sensitivity there are definite immunological differences
between these two phenomena. The Arthus reaction is passively transferable by
serum whereas the eczematous reaction is not. The eczematous reaction is trans-
ferable by living cells (lymphocytes, macrophages). (For further details see
Rostenberg (4).) Thus, while in theory it is not difficult to distinguish between
them, practically the tests are not easy, and consequently, so far as we know,
they have never been employed for this purpose. The problem is further com-
plicated by an immunologic difficulty which has not been sufficiently appre-
ciated, namely, that when one develops an eczematous type of sensitization
to a simple chemical, one probably also concomitantly develops an anaphylactic
type of sensitization. Such was shown to be the case by Landsteiner and Chase
(5) in the guinea pig using picryl chloride and 2:4 dinitrochlorobenzene. Chase
(6) sums up the facts very clearly—quoting from him, "It has been shown that
through the sensitizing procedure, two different sensitivities arise in parallel—
the anaphylactic type and the contact dermatitis type. The balance between
these is largely controlled by the chemistry of the sensitizing compound: some
compounds will produce chiefly a delayed-type contact dermatitis, others lead
to both types, and still others give rise largely or exclusively to the anaphylactic
type.
"When sensitization is sufficiently intense, and there is available a proper
protein conjugate of the incitant, systemic anaphylactic shock may usually be
shown by injection of the protein conjugate into the blood stream, and, cor-
respondingly, the serum will give passive anaphylactic transfer. Even more, the
serum, simulating the behavior of 'reagins,' may show the Prausnitz-Kuestner
effect, that is, it can sensitize guinea-pig skin locally so that immediate-type
reactions can be induced therein. This antibody may circulate undetected unless
suitable protein conjugates are employed." These points are brought out to show
that the development of an Arthus type of sensitivity from the cutaneous appli-
cation of a simple chemical is not only possible but perhaps probable. There-
fore, the decision as to the immunologic basis for a reaction seen must be made
with circumspection. There are human examples of such combined sensitizations;
these are seen particularly in the case of sensitizations to sulfonamides and to
penicillin (Templeton (7)).
What criteria then do we actually use to assert that a reaction seen to a simple
chemical arose as a result of the development of an eczematous sensitization in
the host? The test ordinarily employed is that after some sort of treatment of the
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host with the allergen in question, a concentration which has previously been
determined not to be irritating is found to be irritating in an area which was not
previously exposed to the chemical. In the species in which the development of
this type of sensitization is generally accepted, namely, man and the guinea pig,
the criterion just mentioned is the one that has been overwhelmingly employed.
While such a criterion is admittedly unsatisfactory, it is the only one available
to us for evaluating the literature.
On this basis we would be in a position to assert that (1) chickens, ferrets,
monkeys, and pigs have shown positive evidence of the development of an eczem-
atous sensitization to simple chemicals; (2) dogs, rabbits, and white mice have
shown questionable evidence of the development of an eczematous sensitization
to simple chemicals; (3) cats, hamsters and rats have shown no evidence of the
development of an eczematous sensitization to simple chemicals.
Considering now the situation when no reactions develop, are we in a position
to assert that a species cannot develop an eczematous sensitization to the chem-
ical in question? Here we are on more difficult grounds in that we are trying to
prove a negative. In considering this we should recognize that in any group of
animals the individual members have varying genetic predispositions towards
the genesis of the sensitization. Even in a species such as the guinea pig, which
is relatively easy to sensitize to certain allergens such as 2:4 dinitrOchlorobenzene,
one will not too rarely find strains which are seemingly not sensitizable at all.
If one were working with a different species and fortuitously encountered such a
strain one would come to the conclusion that that species was not sensitizable to
that allergen. Further, certain allergens may sensitize a given species, whereas
other allergens may not, even though these latter allergens readily sensitize
other species. For example, Landsteiner and Di Somma (8) were unable to sen-
sitize guinea pigs to mustard oil whereas swine were easily sensitized to it.
This then brings us to a consideration from a statistical standpoint of the
number of animals of each species employed in the various efforts at sensitiza-
tion. In the case of the cat where one animal was employed, obviously no con-
clusion can be made about that species in general. Similarly, the number of dogs,
hamsters, mice and rats used was in no case sufficient to yield a statistically valid
conclusion that the species was incapable of becoming sensitized. Even in the
case of the rabbit where somewhere in the neighborhood of a total of 150 animals
were used we must remember that these were distributed among ten investi-
gators using nine different allergens with as many differing technics, conse-
quently, for any individual experiment the number does not approach one which
could be regarded as statistically adequate in order to state with reasonable cer-
tainty that the rabbit will not become sensitized to that chemical by that tech-
nic.
DISCUSSION
Let us now consider some of the factors relative to the engendering of a sensi-
tization to a simple chemical. It has been shown by Landsteiner and Jacobs (9)
that a correlation can be made between a certain type of chemical reactivity
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and the ability to sensitize. The type of reactivity is one which would lead to the
conclusion that the simple chemicals which sensitize conjugate with some pro.-
thin constituent of the body. It has also been shown by Landsteiner and Chase
(10) that animals injected with in vitro-formed protein conjugates plus certain
adjuvants develop a sensitivity to the simple chemical. It would therefore seem
that if a chemical were of such a nature that it could not combine with protein,
or if the tissues of a given species were of such a nature that the chemical would
not conjugate with these proteins, even though it would with the proteins of a
different Species, the chance of developing a sensitivity to that chemical in the
first species would be markedly reduced or abolished.
For the most part, there is no evidence bearing on this latter point. However,
in the case of the rabbit, there is evidence which fits the above hypothesis. It
has been shown that the guinea pig (Kidd and Landsteiner (11), and others)
and man (Boycott (12) and others) can be successfully sensitized to mustard
gas, whereas the rabbit (Pine and Pullinger (13), Sulzberger and Baer (14) could
not. Now Cullumbine (15) has shown by histochemical means that when mustard
gas is applied to the skin surface of man or the guinea pig free mustard gas is
never found in the cutis or subcutis. In fact, after approximately thirty minutes
there is practically no free mustard in the epidermis. On the other hand, in the
case of the rabbit, free mustard gas is seen in the dermis within five minutes of
skin contamination. At thirty minutes the whole dermis shows evidence of free
mustard gas. There would thus seem to be reasonably definite evidence that in
the rabbit mustard gas does not conjugate or combine in any way (as the histo-
chemical test Cullumbine employed was specific for free mustard gas), whereas
in man and the guinea pig it does, and as has already been mentioned it is in these
latter species that a sensitization is obtained.
Taking an example from another immunologic field, we have further evidence
that in order to exert antigenicity a material must be capable of combining with
the proteins of the host. Here, too, it would appear that the rabbit has proteins
which apparently do not unite as readily with certain materials as do the proteins
of some other species. Avery and Goebel (16) have shown that the capsular
polysaccharide of type III pneumococcus in its pure state is nonantigenic for the
rabbit. If, however, this capsular polysacchanide is conjugated in vitro with an
indifferent protein and then injected it becomes antigenic for the rabbit. Avery
and Goebel (17) have also shown that the specific carbohydrate of pneumococcus
type I is in that form nonantigenic for the rabbit, whereas it is antigenic for the
mouse and for man. Thus, it would seem that in these cases as well the proteins
of the rabbit cannot enter into union with substances which by virtue of their
antigenicity presumably unite with the proteins of other species.
It is not asserted that the lack of union of a simple chemical with the protein
of the host is the only or entire explanation for the failure to develop sensitization
to a simple chemical, but we believe that this is a factor which probably plays an
important role in the development of such reactions. We also think that further
studies along these lines might be productive of new immunologic knowledge.
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SUMMARY AND CONCLUSIONS
1. Our own experimental work in attempting to develop eczematous sensitiza-
tions to 2:4 dinitrochlorobenzene and paranitrosodimethylaniline in dogs, ferrets,
hamsters and rabbits has been reported.
2. The literature dealing with studies endeavoring to engender sensitizations
to simple chemicals in species other than man and the guinea pig has been re-
viewed.
3. It is concluded that eczematous sensitizations to simple chemicals have
been developed in chickens, ferrets, monkeys and pigs. Dogs, rabbits, and white
mice have shown very questionable evidence of such a type of sensitization. In
cats, hamsters and rats there was no evidence for the development of an eczema-
tous sensitization to the simple chemicals used. It is, however, pointed out that
the numbers of animals that were employed in these experiments is not adequate
so that confidence in the questionable or negative results can be had.
4. Certain theoretical points have been discussed and it is concluded that for
any given animal species among the factors which determine whether or not an
eczematous sensitization to a given simple chemical will develop is the ability of
that chemical to unite with certain proteins of the species in question.
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